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Sir: 

I, Dr. William Holm, residing at Skalbaggestigen 14A, SE-125 51 Alvsjo, 
Sweden do declare and say as follows: 

1. I am familiar with the subject matter of the above identified application (United 
States Serial No. 09/901,592) of which I am a contributing inventor. 

2. In the Examiner's Office Action dated September 1 1 , 2008, the Examiner rejects 
claims 1, 8, 19, 20, 31, 34, 39, and 43 under 35 U.S.C. § 102(b) as being anticipated by Todd 
et al, U.S. Patent No. 5,639,010. Furthermore, claims 1-8, 19, 20, 31, 34, and 37-44 are 
rejected under U.S.C. § 103(a) as being obvious when compared to Cutting et al, U.S. Patent 
No. 5,638,597, in view of JP Patent Publication Number 2-200,367 to Osamu. These 
rejections were upheld in the Advisory Action dated December 23, 2008. 1 do not agree with 
the Examiner's rejections for the following reasons. 
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3. The Todd et al reference discloses a method of dispensing adhesive to a circuit 
board screen printed with solder paste. The reason to apply the adhesive is to prevent 
movement of surface mount devices during the solder reflow process (see column 1 lines 12- 
25). The application of adhesive is described in column 3 lines 13-17: "In step 34, an adhesive 
is dispensed on the circuit board in the areas where a surface mount device will later be 
affixed. Typically a drop of adhesive is dispensed via automated equipment between two 
solder pads on the circuit board." The skilled person would, at the time of the invention 
interpret "dispensing" as being conventional contact dispensing. The examiner argues that use 
of the word "drop" implies that the adhesive is "dropped, 'non-contact dispensed' on the 
substrate". It is submitted that such an interpretation is not reasonable; Merriam- Webster's 
dictionary states that a drop is "the smallest practical unit of liquid measure". There are 
several examples in the SMT literature where the word "drop" is used to describe an amount 
of liquid contact dispensed onto a substrate although "dot" is more common; on page 671 in 
"Electronic Materials Handbook" [1] the words "drop" and "dot" are used as synonyms, on 
page 141-143 in "SMT Soldering Handbook" [2] the words "drop" and "dot" are used 
alternately. In view of this, it is my opinion that Todd et al. discloses contact dispensing and 
not non-contact dispensing as in the present invention. 

4. The Cutting et al reference discloses a manufacturing method for flexible 
circuit board assemblies. This method comprises inter alia screen printing of solder paste, 
reflowing said solder paste to form solder joints and bumps, inspecting said joints and bumps, 
and adding extra solder if needed (column 4 line 48 - column 5 line 21). This is clearly not 
the same method as claimed in the present invention. First of all, the adding of extra solder is 
done to correct for random defects found after reflow. In the present invention, some solder 
paste is intentionally applied via screen printing and some intentionally applied via jetting. 
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The reason for doing this is to make up for inherent deficiencies of the screen printing 
process, see paragraph [0015] of the published application of the present invention. The word 
"predetermined" in the claims should be interpreted in light of the specification and from this 
it is clear that Cutting et al. describes something different (see paragraph [0030] of the 
published application). 

The examiner seems to disregard the difference pointed out above but admits that 
Cutting et al fails to teach add-on jetting wherein the add-on jetting is non-contact dispensing. 
To make up for this deficiency the examiner cites Osamu as an example of non-contact 
dispensing. First of all, it should be noted that Osamu does not disclose adding of 
predetermined amounts of viscous medium. Osamu discloses an apparatus for correcting 
solder defects, wherein an automatic solder inspection apparatus identifies defects that are 
then corrected. Similar to the case of Cutting et al., extra solder is added to correct random 
defects and not as an intentional part of the production process. Furthermore, the examiner is 
of the opinion that Osamu discloses adding solder via non-contact dispensing. The skilled 
person would not make this interpretation. The text only uses the word "dispense" which is 
normally interpreted to mean conventional contact dispensing. In the Advisory Action of 
December 23, 2008 the examiner relies on Figure 5 in the Osamu reference, which shows a 
dot of solder paste on a circuit board and a dispenser above it. The skilled person would 
interpret this as the typical dot shape achieved with contact dispensing, where the dot is 
formed by letting the fluid wet the workpiece (as seen in Figure 4 in the Osamu reference) and 
then retracting the dispense tip. During the retraction phase part of the fluid follows the tip 
until it breaks off forming a characteristic apex (see Figure 1 below and [3]). This corresponds 
to the dot shape shown in Figure 5 of the Osamu reference. In the case of jetting the dot shape 
is markedly different as can be seen below in Figure 2. 
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Figure 1 Microscope photograph of solder paste dot applied by contact dispensing 
(Copyright MYDATA automation AB 2009). 




Figure 2 Microscope photograph of solder paste dots applied by jetting (Copyright 
MYDATA automation AB 2009). 



5. In view of the above, it is my opinion that the Examiner's rejections of the 
claims are improper and should be reconsidered and withdrawn. 

6. I hereby declare that all statements made herein of my own knowledge are true 
and that all statements made on information and belief are believed to be true; and further that 
these statements were made with the knowledge that willful false statements and the like so 
made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the 
United States Code and such willful false statements may jeopardize the validity of the 
application or any patent issuing thereon. 



Date 





Dr. William Holm 
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Published by ASM International, 1989 
ISBN 0871702851, 9780871702852 
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4.8 The rote of adhesivesln wave soldering 
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The Dawn of Micro-Dispensing 

Micro-dispensing handles small-dot solder deposition when stencil printing can't. 
By Russell Peek 

Featured as the cover story of the July 200 1 issue of SMT magazine. 

As the technology for small electronic products evolves, the printed circuit boards in 
these products become more densely populated, and with ever smaller components. 
While designers struggle to 
squeeze more components 
onto shrinking amounts of 
real estate, assemblers face 
the daunting task of 
depositing precise, tiny dots 
of solder paste. Measuring 10 
mils or less in diameter, 
solder paste dots must attach 
components and complete 
electrical connections without 
creating shorts or bridges 
(Figure 1). 

Stencil printing is the fastest 
way to deposit large volumes 
of solder paste, but when 
PCBs are densely packed, this 
approach becomes less 
practical. For the toughest 
applications, manufacturers 
turn to "micro-dispensing" 
equipment. 

Accurate, repeatable micro-dispensing depends on a variety of factors — from the air 
pressure at the inlet to the shape of the dispenser tip. Designed with these factors in mind, 
state-of-the-art micro-dispensing systems feature an array of hardware and software 
components that work together to put exactly the right amount of solder paste in exactly 
the right locations. 




Figure 1. Because of the distance from pad to pad, fine- 
pitch solder paste dots must be dispensed in an offset 
pattern to avoid bridging during reflow. 
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Material Considerations 

A key to any micro-dispensing process is the composition of the solder paste. Important 
material considerations include the mesh size and metal content, plus how the material is 
packaged. These have a direct bearing on how the material functions during the 
dispensing process and ultimately, the quality of the interconnect. 

For optimal dispensing, manufacturers should use a Grade 4 or 5 solder paste with 84-86 
percent metal content. This is lower than the metal content of stencil printing pastes 
(normally 90 percent or higher). With lower metal content, the material flows better as 
it's dispensed. 



Picking a Pump 

Until recently, most micro-dispensing systems relied on time/pressure pumps. In these 
pumps, pulsing high-pressure air actuates a plunger that pushes material through a 
syringe. In the process, however, the pulsing air heats the material, changing both the 
viscosity and the dispensing volume. At the same time, the high air pressure breaks down 
the paste by separating the flux from the solder particles. 

In new micro-dispensing valves, the time/pressure pump is replaced by a fully 
programmable auger pump. A low-pressure air supply keeps solder paste flowing into the 
pump cartridge without heating the material or breaking it down. 

Attached to the pump is a motor that drives an Archimedian screw in the pump cartridge. 
Some systems employ DC motors that provide less-than-precise control of auger rotation. 
The reason: DC motors "ramp up" at the beginning of the dispensing process and "ramp 
down" at the end. These speed changes reduce the consistency of dispensed volume from 
one cycle to the next. 

In more advanced systems, the DC motor is replaced by a brushless servo motor that 
provides constant speed. Attached to the motor is an encoder that precisely controls auger 
rotation. By breaking each turn of the auger into 57,000 segments, the encoder provides 
highly accurate dispensing. 

Systems must also have software controlled auger speed to produce a repeatable dispense 
pattern. With finer mesh size and a large needle diameter, the pump speed can be 
increased. As the needle size is reduced, the pump speed must also be reduced. For 
example, pump speed of 250 rpm's is acceptable with a 20g needle and grade 4 material, 
whereas a 25-27g needle with grade 4 material must not exceed 45 rpm's. 

As the auger screw wears down, dispensing volume changes — and accuracy and 
repeatability are lost. To minimize wear, both the auger and the cartridge liner are made 
of carbide steel. This carbide-in-carbide arrangement results in almost frictionless 
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pumping of the solder paste. Having a tight tolerance of 0.0002" or less between the 
auger and cartridge is also very important for high accuracy dispensing. This tight 
tolerance will reduce any type of material clogging caused by trapped material particles. 

Needle Tips 

Micro-dispensing requires a special tip, or needle, on the valve. As the pump screw turns, 
it pushes the solder paste out of the cartridge and into the needle, which deposits the 
material onto the printed circuit board (Figure 2). 



Figure 2. A footed needle is necessary to provide the correct Z-offset from the 
substrate and ensure the correct dot profile. 

Most dispensing tips are made from rolled tubing. Often, though, this tubing has a poor 
interior surface that impedes material flow. This can result in clogging, a major problem 
in small-dot dispensing operations. 

A better alternative is a stainless steel needle fabricated within tight tolerances. Needles 
that are precision machined from a single piece of solid stainless steel are ideal. A 
polished interior surface creates only minimal interference as solder paste moves over it, 
improving material flow and reducing the chances of clogging. 
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To reduce interior pressure, the inside 
needle diameter varies, with the largest 
cross section at the inlet end and the 
smallest at the tip. The tip is conically 
chamfered in the direction of material flow 
(Figure 3). This reduces surface tension 
between the needle and material at the 
point of separation, making it less likely 
that solder paste will cling to the tip. This, 
in turn, reduces the likelihood of tailing or 
bridging as the needle moves away from 
the dispensed dot. To find the dot diameter 
a needle will deliver, multiply the inside 
diameter by 1.5. 

During dispensing, proper needle tip height 
must be maintained (Figure 4). A needle 
tip too close to the substrate can cause 
tailing and bridging, as well as carryover to 
the next dot location. A needle tip too far 
above the substrate can cause slumping of 
the dispensed material or bridging to the 
next location. 




Needle tip height also determines the diameter-to-height ratio of the dispensed dot. For 
low- viscosity materials, the diameter-to-height ratio should be about 3:1; for high- 
viscosity pastes, the proper ratio is approximately 2: 1 . To determine the correct needle tip 
height, divide the inside diameter of the needle by two. 



* t • 

too high ideal height too low 



Figure 4. Needle tip 
height above the 
substrate determines 
the diameter-to-height 
ratio of the dispensed 
dot. A needle tip too far 
from the surface can 
cause slumping of the 
dispensed material. A 
needle tip too close to 
the surface can cause 
tailing and bridging of 
the material, as well as 
carry-over to the next 
dot location. 
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Platforms and Placement 



While the pump assembly controls dot diameter and volume, the system's platform 
determines the accuracy of dot placement in X, Y, and Z directions. State-of-the-art 
platforms can achieve consistent positional accuracies within ±0.0015 inch and 
repeatability of ±0.0006 inch for all three axes. 

Top-notch platforms include stainless steel components such as high-precision anti- 
backlash ball screws, linear bearing slides, and rails. They also include MIC-6 cast 
aluminum gantry plates, thereby ensuring additional X, Y locational accuracy. 

The frame of these systems is made of a special composite material. Consisting of 90 
percent quartz and 10 percent polymer, the material offers properties and weight that help 
the frame dampen shock and vibration caused by movement of the dispensing head. 



Software Control 

Essential to successful micro-dispensing is the software that controls deposition and 
gantry operations. Software compensates for deviations in motion and speed, ensuring 
precise, repeatable performance. 

Advanced systems are managed by QNX, a Unix-like operating system developed 
specifically for precise machine control. QNX is a real-time multi-tasking software that 
provides process verification via closed-loop feedback within micro seconds. A 
Windows-type interface makes it easy for engineers to develop programs for a variety of 
applications. 

Working within QNX is another software program, Contour Mapping®, that controls the 
gantry. This software maps each gantry position and automatically adjusts the system to 
correct inaccuracies in needle position. 



Conclusion 

As PCB space shrinks and component density soars, solder paste deposition gets too 
tough for conventional stencil-printing techniques. What's a manufacturer to do? Turn 
the process over to a micro-dispensing system. With hardware and software in control of 
every process variable, the system will accurately dispense the smallest dots in the 
tightest spots. 

Contour Mapping® is a registered trademark of GPD Global. 

RUSSELL PEEK, senior applications engineer, may be contacted at GPD Global, 2322 1-70 Frontage Rd., Grand Junction, CO 81505; 
(970) 245-0408; Fax: (970) 245-9647; E-mail: russ@gpd-global.com. 
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